The current studies entail systematic quality by design (QbD)-based development of simple, precise, cost-effective and stability-indicating high-performance liquid chromatography method for estimation of ketoprofen. Analytical target profile was defined and critical analytical attributes (CAAs) were selected. Chromatographic separation was accomplished with an isocratic, reversed-phase chromatography using C-18 column, pH 6.8, phosphate buffer-methanol (50 : 50v/v) as a mobile phase at a flow rate of 1.0 mL/min and UV detection at 258 nm. Systematic optimization of chromatographic method was performed using central composite design by evaluating theoretical plates and peak tailing as the CAAs. The method was validated as per International Conference on Harmonization guidelines with parameters such as high sensitivity, specificity of the method with linearity ranging between 0.05 and 250 µg/mL, detection limit of 0.025 µg/mL and quantification limit of 0.05 µg/mL. Precision was demonstrated using relative standard deviation of 1.21%. Stress degradation studies performed using acid, base, peroxide, thermal and photolytic methods helped in identifying the degradation products in the proniosome delivery systems. The results successfully demonstrated the utility of QbD for optimizing the chromatographic conditions for developing highly sensitive liquid chromatographic method for ketoprofen.
Introduction
Ketoprofen (KT), a propionic acid derivative (Figure 1 ), belongs to the family of nonsteroidal anti-inflammatory drugs, with a pKa of 4.45. KT is clinically effective in dysmenorrhea, rheumatic and traumatic pain, postoperative pains of orthopedic origin and inhibits inflammatory mediators in human dental pulp cells (1, 2) . Pharmacological action of KT is associated with the inhibition of prostaglandin synthesis and its anti-inflammatory effects are probably due to the inhibition of cyclooxygenase-1 and cyclooxygenase-2 (3, 4) .
Owing to the associated side-effects, oral dosage form of KT is losing interest among the health practitioners. Novel dosage forms like vesicular delivery systems for topical treatment are gaining interest nowadays, which do not cause oral side-effects and ensure better availability of KT at specific site for longer time with controlled effect. The literature revealed the development of many novel carriers like vesicular delivery systems viz. liposomes, elastic liposomes and proliposomes (5) (6) (7) . Our research group has developed KT proniosome vesicular delivery system for periodontitis treatment. Proniosomes are semisolid liquid crystal/powder products which upon hydration are easily converted into niosomes, hence serve as a ready-to-form niosome formulation, which overcomes the drawbacks associated with niosome formulations. Owing to their small size and bilayer structure, proniosomes enhance absorption of drugs along with prolonged duration of action (8) .
Several methods have been reported for the determination of KT in various formulations such as tablets, capsules, creams, topical gel and biological samples, such as blood, plasma and urine. The methods reported in the literature include spectrophotometric (9, 10) and liquid chromatographic methods (11) (12) (13) . The United States Pharmacopoeia also reports high-performance liquid chromatography (HPLC) method for the assay of KT in capsule formulation (14) . The optimization of reported methods was not discussed in detail and thus there is still a scope of improvement in method optimization part. None of the reported methods employed analytical quality by design (AQbD) tool for systematic development, thus lacks in comprehensive understanding of the effect of critical chromatographic parameters on method performance. Moreover, validated HPLC method for the estimation of KT in proniosome vesicular delivery system has not been reported so far.
Traditional approach of method development comprises trial-and-error approach and by varying one-factor-at-a-time. This approach results in a large number of experiments and lacks in understanding of critical parameters. Recent use of AQbD in analytical method is gaining interest nowadays, which emphasizes on science-and risk-based understanding of critical parameters affecting method performance and results in a robust method (15) (16) (17) . AQbD, a systematic approach in method developments utilizes design of experiments, which provide assurance of quality and helps in thorough understanding of possible interactions among the method variables (18, 19) . This systematic approach involves a series of steps starting from defining analytical target profile (ATP) and critical analytical attributes (CAAs), screening of critical method parameters (CMPs) and optimization using experimental designs. The optimization process results in analytical design space also known as analytical method working space (16) . AQbD in analytical method development has been effectively employed in recent years and results in robust analytical methods for estimation of active in bulk drugs, pharmaceutical dosage forms and in biological fluids (20) (21) (22) (23) . These reported methods cannot be extended to analyze KT in the present proniosome vesicle formulation, due to the difference in formulation components and thus produce interference.
The objective of the present study was to develop a precise, robust and stability-indicating HPLC method for the determination of KT in proniosome vesicle formulation employing AQbD approach. Moreover, the proposed method has distinct advantages over previously reported methods with its cost effectiveness by using methanol and phosphate buffer, wide linearity range, short run time and is devoid of any interference of formulation excipients.
Methods

Chemicals and reagents
KT standard (99.3% purity) and API were kindly supplied by BEC Chemicals, Mumbai (India), and were used as such without further treatment. Methanol (HPLC grade) was purchased from SD Fine Chemicals, India. Sodium hydroxide, hydrochloric acid and hydrogen peroxide were obtained from Fischer Scientific, India. Ortho phosphoric acid 88% was purchased from Merck, India. HPLC-grade water was obtained from Milli-Q system (Millipore, Milford, MA, USA) and was used to prepare all solutions. All other chemicals and solvents used were of analytical grade.
Preparation of KT proniosomes
KT proniosome formulation was prepared by slightly modifying the method reported in the literature (24) . Precisely, the drug, surfactant (span 80, cholesterol and soya lecithin) and oleic acid were taken in a clean and dry wide mouth small glass tube and small amount of butanol was added to it. Wide mouth glass tube was heated on a water bath maintained at 60-70°C until the entire solid portion dissolved. Aqueous phase ( pH 6.8 phosphate buffer) was added to it and the mixture was heated again on a water bath till clear solution was obtained. The obtained solution was cooled and overnight storage of the solution led to the formation of proniosome gel. The obtained gel was preserved in closed air tight container for further characterization.
Instrumentation
Two different brands of HPLC systems were used, a Waters HPLC system (Waters 2695 separation module), equipped with Waters 2996 photodiode array (PDA) detector, a column oven and a quaternary pump system, the data were acquired using the Empower software. The second system used was an Agilent 1100 system equipped with a degasser (model G1379A), quaternary pump (model G1311A), an autosampler (model G1329A), a thermostat heater (model G13308), a variable wavelength detector (model G1314A) and data analysis was performed using Agilent Chemstation for LC systems software Version B.04.02 (Agilent Technologies, Santa Clara, CA, USA).
Chromatographic conditions
A reversed-phase HPLC separation was carried out using Kromasil C-18 column (150 mm × 4.6 mm, 5 µm packing) and an isocratic elution with mobile phase consisted of a mixture of methanol and phosphate buffer (13 mM KH 2 PO 4 adjusted to pH 6.5 with H 3 PO 4 ) in 50 : 50 (v/v) ratio at a flow rate of 1.0 mL/min. Sample detection was monitored at a wavelength of 258 nm with an injection volume of 10 µL. The sample and column temperature were maintained at 25 and 30°C, respectively. The mobile phase was filtered with 0.45-µm nylon filter and degassed in ultrasonic bath prior to use. Peak purity values were obtained directly from spectral analysis report obtained using the instrument software (Waters HPLC system using Empower software). The forced degradation samples were analyzed using a PDA detector in scan mode covering the wavelength range of 200-400 nm.
Defining ATP and CAAs
The systematic development of analytical method starts by defining ATP, which is the essential element of AQbD approach and forms the basis for design of an analytical method. The ATP includes all attributes that are needed to ensure the quality characteristic and purpose of analytical method. Table I describes various elements of ATP, defined to obtain an efficient chromatographic method for KT estimation. Identification of CAAs from ATP is based on the critical contribution of that particular attribute on the performance and quality of analytical method. Out of various attributes, only two are considered as CAAs, i.e., number of theoretical plates (indicator of method performance and suitability) and peak tailing, which is considered as the indicator of method efficiency.
Preparation of stock and standard solutions
A standard stock solution of KT (250 µg/mL) was prepared by accurately weighed amount (∼50 mg) and diluted using mobile phase into a 200-mL volumetric flask. The standard solution of KT was prepared using 5 mL of the above prepared standard stock solution and diluted up to 50 mL in a volumetric flask using mobile phase, which gave a final standard solution concentration equal to 25 µg/mL.
Preparation of KT proniosome samples
About 2 g of the KT proniosome gel was accurately weighed and transferred to 200-mL volumetric flask, using mobile phase and sonicated for 15 min to enable complete extraction of KT. The solution was filtered, 5 mL of filtrate was transferred to 50 mL volumetric flasks and diluted using mobile phase to yield a concentration equal to 25 µg/mL. These solutions were filtered through a 0.45-µm nylon membrane filter before injections.
Taguchi design for factor screening
Initially, as a part of the QbD-based method development exercise, the Ishikawa fish-bone diagram was drawn employing the Minitab 17 software (M/s Minitab Inc., Philadelphia, USA). A Taguchi experimental design was employed to evaluate the effects of seven independent chromatographic parameters on the two defined CAAs, theoretical plates and peak tailing. The design comprises of eight experimental runs and helps in screening of factors by evaluating their main effect to get CMPs. Table II comprises details of independent parameters and their studied ranges and studied responses (CAAs).
Method development using response surface methodology
Two method parameters were selected based on their significant effect on selected CAAs and considered as CMPs, as an outcome of screening study. Mobile phase ratio (X 1 ) and pH of mobile phase buffer (X 2 ) were selected for further optimization. A central composite design (CCD) with α = 1 was applied to evaluate the main and interaction effect of the selected two factors. A total of 13 experiments were conducted as per the design matrix summarized in Table III . All other parameters were kept fixed at their optimum levels during the experimentation and a standard concentration of 25 µg/mL was maintained. Analysis of the experimental data was performed against the defined CAAs (theoretical plates and peak tailing). Statistical analysis of the data obtained from factor screening and method development optimization were performed using the Design-Expert ® software version 9.0.4 (Stat-Ease Inc., Minneapolis, USA). Numerical and graphical optimization was carried out to get an optimal "analytical design space" region.
Method validation
The optimized chromatographic method was validated for linearity range, accuracy, precision, limit of detection (LOD), limit of quantitation (LOQ) and robustness according to the International Conference on Harmonization (ICH) Q2(R1) guidelines (25) .
System suitability System suitability test of the chromatography system was performed by injecting six replicate injections of standard solution 25 µg/mL. Prior to sample analysis, percent relative standard deviation (% RSD) of standard area and retention time for six suitability injections were determined and accepted below 2.0%. The acceptance criteria for tailing factor of <2.0 and theoretical plates >2,000 were maintained. Linearity and range Calibration curve of the developed method was prepared by serial dilution of stock solutions in concentrations ranging between 0.05 and 250 µg/mL, which corresponds to 0.2-1,000% of the standard preparation concentration. The calibration curve was constructed by plotting the peak area against drug concentration using linear regression analysis.
Accuracy
Accuracy of analytical method was demonstrated by using known quantities of KT spiked at three different levels (12.5, 25 and 37.5 µg/mL). Stock solution of KT (250 µg/mL) was prepared by accurately weighed amount (∼50 mg) and further spiked at three levels. Accuracy was performed at ∼50, 100 and 150% of the theoretical KT concentration level in sample. The percentage recovery of the added drug was calculated by comparing % RSD of the peak area of test sample with that of the standard solution.
Precision
The precision of an analytical method depicts the closeness of agreement (degree of scatter) between a series of measurements using the prescribed conditions. Precision was expressed in terms of % RSD for peak area or corresponding assay value.
System precision Six replicate injections of standard solution were prepared, injected in the HPLC system and analyzed by proposed method to assess the system precision.
Method precision. Six samples of a single batch of KT proniosome formulation were prepared and analyzed by proposed method to assess the method precision.
Intermediate precision. Intermediate precision was performed by injecting six preparations in duplicate. KT proniosome formulation preparations were analyzed using different HPLC system, different analyst and different brand of C-18 column on a different day.
LOD and LOQ LOD and LOQ were determined based on signal-to-noise ratios of analytical responses of 3 : 1 and 10 : 1, respectively.
Robustness
The robustness of an analytical procedure refers to its ability to remain unaffected by small and deliberate variations in method parameters and provides an indication of its reliability for routine analysis. Robustness of the method was studied by evaluating system suitability parameters after modifications in system operating parameters such as injection volume (±50%), flow rate (±10%) and column temperature (±2°C).
Solution stability
Stability of KT in standard and proniosome sample solution was evaluated by injecting the samples at a time interval of 0, 6, 24, 48 and 72 h. The results were compared in terms of % change in assay value for all studied standard and sample preparation with that of fresh preparations.
Forced degradation studies
Forced degradation studies were performed to evaluate the stability indicating and specificity property of the developed assay method and these studies were conducted as per ICH and other recommended conditions (26, 27) . Standard/sample preparations for stress studies were prepared at a concentration of 0.2 mg/mL and subjected to various stress conditions. All samples were then diluted accordingly to give a final concentration of 25 µg/mL neutralized wherever applicable and filtered before injection. Control samples were also prepared and used as a control during analysis.
Oxidation studies. Solutions for oxidation studies were prepared using 3% H 2 O 2 , protected from light, stored at room temperature for 12 h and heated at 80°C for 5 h. Samples were withdrawn at specified time intervals and diluted as previously described.
Acid degradation studies. Solutions for acid degradation studies were prepared using 1 M hydrochloric acid, protected from light, stored at room temperature for 12 h and heated at 80°C for 5 h. Samples were neutralized and diluted as previously described.
Alkali degradation studies. Solutions for base degradation studies were prepared using 1 N sodium hydroxide, protected from light, stored at room temperature for 12 h and heated at 80°C for 5 h. Samples were neutralized and diluted as previously described.
Thermal degradation. Samples were exposed to dry heat at 80°C in an oven for 12 h. Samples were withdrawn, cooled and diluted as previously described.
Photodegradation. Samples solutions were exposed to UV light for 12 h with illumination of 7,500 Lux meter with UV radiation at 320-400 nm in UV light chamber. Samples were withdrawn and diluted as previously described.
Peak purity
Peak purity analysis is designed to detect the presence of an impurity that is coeluting with the analyte peak. Peak purity of KT and its degradation impurities were determined using Waters HPLC system (Empower software) and PDA detector. Peak purity was calculated in terms of purity ratio, which is calculated using the purity angle and purity threshold. Ratio of purity angle and purity threshold should be <1, only then the peak is considered to be spectrally pure.
Results
Preliminary studies and factor selection
In search of a simple, stability-indicating and cost-effective LC method for estimation of KT in standard and proniosome vesicular formulation, a preliminary study was carried out. Mobile phase composed of organic solvent (methanol and acetonitrile) and a variety of aqueous solutions of inorganic salt having different pH (acetate buffer and phosphate buffer), at variable flow rates (0.8 to 1.2 mL/min) were investigated during the preliminary studies of the analytical method developments and system suitability parameters were evaluated for each run. KT standard, KT proniosome and stressed samples with Kromasil C-18 column and PDA detector were used during initial investigation trials. The preliminary studies suggested the selection of methanol and pH 6.5 phosphate buffer as a mobile phase, as it showed better chromatographic separation.
Taguchi design for factor screening
The probable factors contributing to the chromatographic method performance are summarized in Ishikawa fish-bone diagram (Figure 2) . Taguchi experimental design was used for screening of factors identified using risk assessment studies. Out of several factors, the employed design studied the main effects of seven factors affecting theoretical plates and peak tailing of KT peak identified as CAAs.
The main purpose of this screening study was to identify the significant main effect of studied factor with minimum possible experimentation. Model analysis was performed using first-degree polynomial equation. The influence of studied factors on method attributes was studied using pareto charts presented in Figure 3 , where the pareto ranking of most influential factors was given. Two factors namely, mobile phase ratio and pH of mobile phase buffer showed significant effect (P < 0.05) on CAAs (theoretical plates and peak tailing). Mobile phase ratio and pH of mobile phase buffer showed a positive effect on theoretical plates. As ratio and pH of mobile phase increase, theoretical plate count also increases. However, inverse relationship was observed for both the parameters on peak tailing. On the basis of the screening study, other parameters were kept constant for further optimization of two selected CMPs. Flow rate and injection volume was kept fixed at 1.0 mL/min and 10 µL, respectively. Further column oven temperature, column dimension and wavelength were fixed at 30°C, 150 mm and 258 nm, respectively. However, mobile phase ratio and pH of mobile phase buffer were further optimized to determine any main and interaction effect on theoretical plates and peak tailing.
Method development using response surface methodology
CCD design was employed in the present analytical method optimization study. Data analysis was carried out using second-degree polynomial mathematical model and evaluated for main and interaction effect of factors. The quadratic Equation (1) generated using statistical analysis of software established the relation between CMPs and CAAs.
where b 0 is the intercept, b 1 -b 5 represents the regression coefficients, values of these coefficients were calculated based on the interaction between response and factors. X 1 and X 2 represent the coded CMPs, Y represents CAA. Table IV portrays coefficient value of polynomial equation and model P-value for method CAAs.
Theoretical plates
Theoretical plate count is an important parameter considered as CAA, as this indicates method performance and suitability. Theoretical plate count should be higher (>2,000) for better method performance. For this method, attribute quadratic model was found significant (<0.0001), whereas lack of fit was insignificant (P = 0.1298). X 1 , X 2 , X 2 1 and X 2 2 are the significant model terms, whereas X 1 X 2 terms is insignificant. Model diagnosis plots are presented in Figure 4 , includes normal and residual versus run plot indicates suitability of the model. Contour plots were also studied to visualize the effects of the factors and their interactions on the response. Figure 5 portrays 3D and 2D counter plots showing effect of mobile phase ratio and mobile phase buffer pH on theoretical plates. Curvatures in contour plot showed nonlinear or interaction effect of factors on theoretical plates. A curvilinear increasing trend was observed for mobile phase ratio, which showed higher theoretical plate count at higher levels. However, a curvature effect was observed for mobile phase pH at higher and low levels. Therefore, higher level of mobile phase ratio and optimum level of pH were recommended to achieve higher theoretical plates.
Peak tailing
Desired peak tailing of the compound peak results in increased method efficiency. It was also considered an important parameter and selected as CAA of the method. Quadratic model was found significant (P < 0.0001) for peak tailing, whereas lack of fit was insignificant (P = 0.7079). X 1 , X 2 and X 2 2 are the significant model terms, whereas X 1 X 2 and X 2 1 terms are insignificant. Suitability of model was also proved by model diagnosis plots presented in Figure 6 , includes normal and residual versus run plots. Study of 3D and 2D counter plots presented in Figure 7 showed curved effects of mobile phase ratio and mobile phase buffer pH on peak tailing. A decreasing curvature trend was observed for both mobile phase ratio and mobile phase pH, which showed higher peak tailing at lower levels. The desired peak tailing of nearly 1 was achieved at higher levels of both CAAs.
Optimized method conditions
To obtain optimum method conditions, numerical optimization methods were applied based on the specified goals and boundaries for each response. The desired goals include maximum theoretical plate count and minimized peak tailing close to 1. The optimized method conditions for KT estimation were obtained, which include mobile phase composition containing a mixture of methanol and phosphate buffer (13 mM KH 2 PO 4 ) in 50 : 50 (v/v) ratio and mobile phase buffer pH of 6.5 with desirability of 1. Figure 8 shows overlay plot with optimum region as a design space and selected method conditions were represented using flag.
Method validation
Linearity and range Linearity of the developed method was confirmed by plotting linearity curve for concentrations ranging 0.05-250 µg/mL, which corresponds to 0.2-1,000% of the standard preparation concentration. The calibration curve (Figure 9 ) was constructed by plotting the peak area against the concentration using linear regression analysis. The correlation coefficient (R 2 = 0.999) obtained above for the linear regression line demonstrates the excellent relationship between peak area and the concentration.
Accuracy
Accuracy of analytical method performed at 50, 100 and 150% of the standard KT concentration showed recovery between 98.8 and 101.2%. Data shown in Table V indicate that the developed method has high level of accuracy with % RSD ranging from 0.31 to 0.41%. Precision. System precision. Analytical data from six replicate injections of standard solution showed % RSD value of 0.31%. Data shown in Table VI indicate an acceptable level of precision for the analytical system as the RSD observed was 0.31%.
Method precision. Analytical data from six samples of a single KT proniosome formulation batch showed recovery of 98.1% with a % RSD value of 0.96%. Table VI represents method precision data. % RSD below 1% depicts higher degree of method precision.
Intermediate precision. Intermediate precision data represented in Table VI showed overall % RSD value of 1.21% between the two sets of data. Further, the percent recovery of KT ranging between 96.4 and 98.1% confirmed higher degree of intermediate precision.
LOD and LOQ
The method observed LOD and LOQ values of 0.025 and 0.05 µg/mL, respectively, indicates higher sensitivity of developed method for KT quantification. 
Robustness
The influence of each variable, such as injection volume, flow rate and column temperature caused insignificant changes in the theoretical plates, peak tailing, retention time and peak area RSD. The insensitivity toward deliberate minor changes in the method parameters demonstrated robustness of the systematically developed analytical method.
Solution stability
The corresponding chromatograms of KT in standard and proniosomes sample showed no peak of degradation products and also there was no significant change in the peak area. The assay results of the sample and standard were found within ±2.0% compared with fresh solution.
Forced degradation studies
The degradation of KT under various stress conditions was evaluated, typical chromatograms obtained from stressed studies are presented in Figure 10 . Details of degradation products, % degradation and peak purity are illustrated in Table VII . Mainly two degradation products were seen from most of the conditions and reported at ∼14 and 16 min, whereas the KT peak was observed at ∼5.9 min. KT is more susceptible to oxidative degradation, as the maximum degradation was observed with 3% H 2 O 2 heated at 80°C for 12 h, i.e., 5.2%.
Acid/base and thermal degradation. Acidic treatment in 1 M HCl for 12 h resulted in no degradation, whereas treatment with 1 M HCl heated at 80°C for 5 h resulted in 0.4% degradation and the degradant peak was observed at 16.46 min. Treatment with 1 N NaOH for 12 h produced no degradation; however, 1 N NaOH heated at 80°C for 5 h resulted in two degradation products at 14.02 and 16.19 min and the total degradation was 1.0%. There was no noteworthy degradation of KT exposed to dry heat at 80°C for 12 h and the KT was found stable at this condition. Selectivity/specificity. The peak purity of KT peak was calculated using purity angle and purity threshold. Purity angle is defined as a measure of the spectral heterogeneity of a peak based on the comparison of spectra over the entire peak, using the spectral contrast angle, whereas purity threshold is the maximum permissible angle of peak below which the peak is considered to be pure. Ratio of purity angle and purity threshold below 1 confirmed the purity of KT peak. The degradation products were well separated/resolved from KT peak and no placebo interference was observed; moreover, the peak purity value established that KT peak is homogenous and there are no coeluting peaks, established the stability-indicating power of the method. The selectivity/specificity of the newly developed method was assessed using the stress studies, and the results of the stress studies indicate high degree of selectivity of the method. The degradation pattern was found to be similar for KT and KT proniosome formulation.
Analysis of in-house-developed novel proniosome formulation
Systematically developed HPLC method was used for the quantitative determination of KT in bulk drug and in-house-developed proniosome formulation. The analytical method was validated for different parameters, thus applied for the estimation of the drug in pharmaceutical dosage forms. The percent recovery was 99.7%, and CAAs, like theoretical plates and peak tailing, were found to be well within the acceptable limits. The absence of any unwanted peaks in the chromatograms suggested noninterference of formulation excipients with the main analyte peak. Moreover, forced degradation studies established the peak purity of KT peak in the presence of degradants. This suggests that no other peak is eluting with main peak and showed lack of interference. The results indicated the method usefulness for routine and stability sample analysis of KT in proniosome formulation.
Discussion
In a nutshell, current studies utilized the systematic approach of AQbD principles for successful establishment of a liquid chromatographic method for KT estimation in bulk drug and proniosome vesicle formulation. ATPs of the chromatographic method were defined at initial stage; this results in selection of theoretical plate count and peak tailing as potential CAAs. However, usage of fish-bone diagram is useful in identifying probable chromatographic parameters for screening studies. Seven chromatographic parameters were employed for further screening of their main effects on the identified CAAs using Taguchi design. Two factors that showed significant impact of CAAs were further optimized using CCD of response surface methodology by studying their main and interaction effects. Optimized chromatographic conditions were selected by numerical optimization using desirability function. Systematically developed method was successfully validated for linearity, accuracy, precision, robustness and specificity parameters. The developed method is cost-effective in terms of usage of lowcost organic solvents (methanol) in mobile phase, whereas most of the reported methods used acetonitrile as an organic solvent.
Conclusion
A new stability-indicating simple, cost-effective, accurate, robust and specific HPLC method was developed. The method is suitable for routine analysis of bulk drug and proniosome formulation and can be utilized for the analysis of other vesicular delivery systems also. Simplicity of the method can be helpful in saving money and time for small laboratories with wide linear range and accuracy. Forced degradation studies in various stress conditions resulted in a selective/specific and stability-indicating method. The proposed method has no interference of degradation products and has the ability to separate the degradation products from the KT peak. The developed method can also be used for the analysis of stability samples to predict the shelf life of the pharmaceutical product. The developed method successfully demonstrates the applicability of AQbD methodology in the development of a liquid chromatographic method for the estimation of KT. 
